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Section I -Tool Head Design
A controllable distance between the electrospinning syringe needle and support structure surface is crucial to facilitating the LEP process. The ability to calibrate the distance between the tip of any given nozzle, in this case the electrospinning syringe, and the build platform was an instrumental part of the printer's firmware customization. This allows flexibility in the length syringe tip used so printing can take place upon the grounded build plate, a glass slide or other elevated surfaces. Regular disassembly and reassembly of the electrospinning toolhead is also necessary to install fresh solution with the correct working parameters and to avoid nozzle clogging. This design requirement, in addition to the necessity in this configuration to switch tool-heads for alternating between different printing processes introduces a lot of scope for tool-head offsets in between mounting the different tools. Such offsets may prevent prints from having the appropriate precision and repeatability to enable this process. To address this, robust syringe loading and tool-head fastening on the toolmount is essential. Figure S1 (a) used three ball-in-vee groove features, along with a supplementary cone feature and magnets to provide a fastening to the tool-mount. This provides a kinematic coupling that is statically determinate, constraining all 6 degrees of freedom Figure S1 (b).
Our design
The picking up mechanism is magnetic and the drop-off mechanism utilises the shearing force against fitted slots in the docking stations. This design is shown to be able to accommodate a large degree of misalignment, allowing the tool-head change to function even when the tool-head has moved around in the tool dock. Inside the electrospinning tool-head (see S1(c)), a vee-groove was also used to provide two of the point contact forces, while a third force was provided by a grub screw. This creates a determinate arrangement in two dimensions (i.e. it constrains the 3 degrees of freedom in 2D), and the use of a second grub S-3 screw constrains the other degrees of freedom to maintain the distance between the syringe tip and printing substrate.
The robustness of the tool-head design was evaluated with time-lapse imaging and image analysis as illustrated in S2(a). Displacement of the electrospinning syringe needle from a reference object was measured in X, Y and Z to evaluate the design performance, as shown in S2(b) and summarized in Table S1 . The largest deviation from the mean position was in the Y axis. Even when the syringe was reassembled, the mean deviation of the syringe tip in Z was 7.5 μm which is acceptable precision to ensure reliable LEP processing. Overall, the design enables a tolerance of up to 9 mm, should the tool heads be misaligned in the tool dock. This tolerance provides 3D LEP with adequate robustness and precision without the need for further manipulation or interfering offset calibration.
To create multiple layers of fibers, it is important to ensure that subsequent PLA deposition do not damage the fibers already deposited. The default thermoplastic nozzle on an Ultimaker 2 system has a flattened tip with an outer tip width of 2 mm. Our studies show that this FFF nozzle cut off the fibers at the edge of the PLA support during the deposition of a new PLA layer. To minimize this effect, a conical printing nozzle with a narrow cone angle of ~45° and an outer tip width of 1mm was used see S2(c). Integrating this hardware, we investigate how the working parameters of 3D-LEP affect the fiber patterning quality.
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Where ω is the rate at which the oscillatory rheometry is conducted, or the rate at which the "ink" is being extruded through the nozzle. 
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